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Get the most from this book



Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.


Track your progress


Use the revision planner on pages 4 and 5 to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  practised the exam questions and gone online to check your answers and complete the quick quizzes





You can also keep track of your revision by nothing each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.
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Features to help you succeed
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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes


The author identifies the typical mistakes candidates make and explains how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are at the back of the book.
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Definitions and key words


Clear, concise definitions of essential key terms are provided where they first appear.


Key words from the specification are highlighted in bold throughout the book.
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Revision activities


These activities will help you to understand each topic in an interactive way.
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Exam practice


Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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Summaries


The summaries provide a quick-check bullet list for each topic.
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Online


Go online to check your answers to the exam questions and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotes
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Countdown to my exams
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6–8 weeks to go





•  Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages 4 and 5 to familiarise yourself with the topics.



•  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.



•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.



•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.
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2–5 weeks to go





•  Read through the relevant sections of this book and refer to the exam tips, exam summaries, typical mistakes and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.



•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.



•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.



•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers online and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotes




•  Use the revision activities to try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.



•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.
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1 week to go





•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.



•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.



•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.
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The day before the examination





•  Flick through these Revision Notes for useful reminders, for example the exam tips, exam summaries, typical mistakes and key terms.



•  Check the time and place of your examination.



•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water, sweets.



•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examination.
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My exams


A-level Biology A Paper 1


Date:………………..


Time:………………..


Location:………………..


A-level Biology A Paper 2


Date:………………..


Time:………………..


Location:………………..


A-level Biology A Paper 3


Date:………………..


Time:………………..


Location:………………..
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1 Practical skills



Practical skills assessed in a written examination


Your ability to apply your knowledge to practical situations will be tested. This includes questions that test your skills in:





•  planning



•  implementing



•  analysis



•  evaluation





Planning





1  You may need to solve a problem set in a practical context.



2  You may be asked to make a prediction from a given hypothesis, or you may be given a prediction and asked how you could test it.



3  You should be able to consider the prediction and outline an experiment or investigation that will test the prediction. For example:







    If you are given the prediction that yeast will stop respiring at 45°C, how would you test it?









4  You would need to describe how you would determine when respiration was taking place and how you would determine when it stops. You should then describe a method in which you tested yeast at a range of temperatures around 45°C to determine at what temperature it actually stops respiring.





Suitable apparatus, equipment and techniques





1  Select apparatus from a range of normal glassware and chemical reagents.



2  As respiration in all organisms releases carbon dioxide, it would be sensible to arrange a test that demonstrates the presence of carbon dioxide such as using lime water or bicarbonate indicator. You would then place a sample of yeast at different temperatures and demonstrate that it produces carbon dioxide at some temperatures but not at others.



3  You need to select apparatus that enables you to change the temperature of the yeast sample and pass the gas produced through the selected reagent.



4  Draw a diagram of the apparatus and how it is set up.





Application of scientific knowledge





1  Your plan should be based on suitable scientific knowledge. This knowledge should be applied to the practical context you are planning.



2  You will need to show that you understand the process of respiration well enough to know that sugars are needed and carbon dioxide is released. The process involves enzymes and it is these that are affected by the change in temperature.






Identification of variables






1  The independent variable is the variable you choose to change during the experiment. Temperature is the independent variable in this example.



2  The dependent variable is the variable that changes as a result of changing the independent variable. Production of carbon dioxide is the dependent variable in this example.



3  Controlled variables are any other factors that might affect the result, such as pH, volumes of solutions used, concentrations of solutions used.





Evaluation of the method


Show that you have considered whether the method is appropriate to test the desired hypothesis. Ask questions about the method.





1  Would your proposed method do the job?



2  Would it provide an answer to the question?



3  What data will you collect?



4  What will you do with the data collected?



5  Are there any limitations?



6  What level of uncertainty is there in the data collected?





In this example, you might ask:





1  Does it detect whether carbon dioxide is given off?



2  Can I alter the temperature or keep it constant?



3  Can the yeast respire if temperature is not limiting?





Your proposed method may not be perfect or provide a full answer. This is fine as long as you recognise this and say so in your evaluation.


Implementing


As part of the written examination, you may be tested on:





1  how to use practical apparatus and techniques correctly



2  appropriate units for measurements



3  presenting your observations and data in an appropriate format





Presentation of results


Your results need to be presented in a table in the appropriate format:




  1  There should be an informative title.


  2  All raw data should be placed in a single table with ruled lines and a border.


  3  Input or independent variable (IV) should be in the first column.


  4  Output or dependent variable (DV) should be in columns to the right.


  5  Processed data (e.g. means, rates, standard deviations) should be in columns to the far right.


  6  There should be no calculations in the table, only calculated values.


  7  Each column should have an informative heading with the correct SI units placed in brackets.


  8  Units should appear only in the column headings, not in the body of the table.


  9  All raw data should be recorded to the same number of decimal places and significant figures appropriate to the least accurate piece of equipment used to measure it.



10  All processed data may be recorded to one decimal place more than the raw data.






Analysis


As part of the written examination, you may need to:





1  process, analyse and interpret qualitative and quantitative experimental results



2  use appropriate mathematical skills for the analysis of quantitative data



3  use significant figures appropriately



4  plot and interpret suitable graphs from experimental results, including (i) selection and labelling of axes with appropriate scales, quantities and units, and (ii) measurement of gradients and intercepts





Processing


This involves calculating means, rates of reaction or some other aspect of the data. It also involves being able to draw a suitable graph. The type of graph used should be appropriate to the data collected. For all graphs:





•  the graph should be of an appropriate size to make good use of the paper and include an appropriate scale



•  there should be an informative title



•  the axes must be the correct way around (independent variable on the horizontal axis), labelled and with units in brackets





Bar charts





1  Used when the independent variable is discontinuous or non-numerical, e.g. colours, species.



2  Data presented as lines or blocks of equal width that do not touch.



3  Lines or blocks can be arranged in any order but could be ascending or descending.





Histograms





1  Used when the independent variable is continuous and numerical.



2  Blocks should be drawn touching.



3  The y-axis represents the number in each class or the frequency.





Pie charts





1  Used when displaying data that are proportions or percentages.



2  Should not contain more than six or seven sectors to avoid confusion



3  Segments should be labelled or a key provided.





Line graphs





1  Use a true origin (0,0) or, if the origin is not included, the axis should be broken.



2  Points should be plotted with saltire crosses (×) or encircled dots.



3  Draw a smooth curve as a line of best fit.



4  If more than one curve is drawn on the same axes, each curve must be labelled to show what it represents.





Analysing


Use one of the statistical tests available. You should know when to use each of these tests:





1  the chi-squared test



2  a correlation coefficient



3  the Student’s t-test






Use of significant figures



Any column in a table should have all the figures expressed to the same number of decimal points. The number of figures after the decimal point indicates precision in your measurements — this must be appropriate to the techniques or apparatus used. A mean or other processed data can be given to one extra figure after the decimal point.


Interpreting





1  Describe the trend shown in the data.



2  Make deductions and conclusions from your graphical data.



3  Justify these deductions by referring to the data.





Evaluation


You need to evaluate your results and draw conclusions. This includes:





1  identifying anomalies in experimental measurements



2  identifying limitations in experimental procedures



3  understanding the meaning of precision and accuracy in the measurement of results



4  appreciating the margin of error, percentage errors and uncertainties in apparatus



5  suggesting improvements to experimental design, procedures and apparatus





Identifying anomalies


An anomaly is a result that does not fit the pattern shown in your other measurements. It may be caused by:





1  a procedural error, such as diluting a solution incorrectly



2  a timing error, such as leaving the reaction to continue for longer than the other readings



3  misreading the scale on the apparatus



4  living material that does not behave consistently



5  not controlling some other factor that affects the results (this is called a limitation)





Including an anomaly in the calculated mean makes the mean less reliable.


Limitations


Limitations are factors that may affect the results but have not been controlled or accounted for in some way. Examples include:





1  small data sets



2  variables that cannot be controlled



3  the degree of precision of the instruments used



4  the accuracy of the instruments used



5  insufficient repeats



6  insufficient time for acclimatisation or equilibration before taking measurements





Precision and accuracy


Precision is the ability to be exact and it depends on the ability of the equipment used and the units of measurement. Accuracy is how close your measurement comes to the true value.



Reliability



Reliability is how much confidence you have in the results. This depends on the errors and uncertainty. Errors can be caused by:





1  unsuitable practical procedures



2  poor judgement by the experimenter





Uncertainty is a measure of the precision and accuracy of the apparatus used. The level of uncertainty can be taken as half the smallest unit used for measurement. If you are measuring length using a ruler marked in millimetres, the level of uncertainty is 0.5 mm. If you are using a digital scale, the level of uncertainty is one full unit.


Where a reading relies on the judgement of the experimenter, such as when a colour has changed, the level of uncertainty (and therefore the level of reliability) is much larger and hard to quantify.


Reliability can be assessed by making repeat measurements. This enables the experimenter to:





1  identify anomalies



2  calculate a mean



3  calculate standard deviation



4  calculate percentage error or percentage uncertainty:
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Using range bars and error bars


Your data can be used to assess the reliability of your results. Your measurements of the dependent variable will be spread around the mean.


The range is the difference between the highest and the lowest figures. The greater the range, the less reliable your results. For example, if you take three readings of the dependent variable (34, 36 and 32), the mean is:
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The range is 32 to 36.


Range bars are vertical bars drawn on your graph to show the range of your results for a particular value of the independent variable.


The standard deviation of your results is a measure of the spread of the results. It is given by the formula:
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where s = standard deviation, [image: ] = the mean value and n = the number of data points. You can use the formula to calculate the standard deviation of your results. A larger standard deviation indicates a greater spread of results and less reliable data.


Error bars are drawn by plotting the values of the mean plus or minus the standard deviation (Figure 1.1).
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Summary


Practical skills will be tested in the written examination.


Planning may involve:





•  solving a problem in a practical context



•  selection of suitable apparatus, equipment or techniques



•  describing a method or technique



•  application of scientific knowledge



•  identification of all variables



•  evaluation of the method





Implementing may involve:





•  describing how to use a wide range of practical apparatus and techniques



•  suggesting precautions that should be taken to ensure results are valid



•  assessing the hazards and potential risks involved



•  deciding on appropriate units for measurements



•  presentation of observations and data in an appropriate format (table)





Analysis may involve:





•  processing qualitative and quantitative experimental results



•  interpreting qualitative and quantitative experimental results



•  using appropriate mathematical skills



•  using significant figures appropriately



•  plotting and interpreting suitable graphs from experimental results, including (i) selection and labelling of axes with appropriate scales, quantities and units, and (ii) measurement of gradients and intercepts



•  drawing conclusions from data





Evaluation may involve:





•  identifying anomalies in experimental measurements



•  identifying limitations in experimental procedures



•  understanding the meaning of precision and accuracy in the measurement of results



•  appreciating the margin of error, percentage errors and uncertainties in apparatus



•  calculating the standard deviation of a data set



•  assessing the reliability of data using range bars and error bars



•  calculating percentage error



•  suggesting improvements to experimental design, procedures and apparatus



•  assessing the validity of data
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Exam practice





1  What is the most appropriate unit to measure the length of a mitochondrion?


[1]







    A nm


    B µm


    C mm


    D m








2  Results can be displayed in a number of different graphical forms. Which row in the following table correctly identifies the best way to display each set of data?


[1]
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3  A student investigated the effect of light intensity on the rate of transpiration from a leafy shoot using a potometer. Which row in the following table correctly identifies the variables?


[1]
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4  You are asked to make drawings from a slide of a plant leaf transverse section.







    (a) (i) What type of drawing should be made using a 4× objective lens?


[1]







        (ii) Leaves contain palisade cells. List three other features you may include in your drawing.


[3]







    (b) Using a 10× eyepiece and a 40× objective lens you could draw individual plant cells.







        (i)  What is the total magnification used?


[1]


        (ii) List three features that you may include in your drawing of a palisade cell.


[3]








5  A student investigated the effect of temperature on the rate of decomposition of hydrogen peroxide by yeast. He collected the gas released in a measuring cylinder. The following table shows the results of his investigation.
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    (a) Outline how the student may have carried out this investigation.


[5]


    (b) State two precautions that he should have taken to ensure the results were reliable.


[2]


    (c) Identify three ways in which the table of results could be improved.


[3]


    (d) Identify one anomalous result in the table and justify your choice.


[3]


    (e) Suggest two limitations to this investigation.


[2]


    (f) Suggest two ways in which the results collected could have been improved.


[2]





Answers and quick quiz 1 online
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2 Cell structure



Microscopes and images


There is a range of microscopes for creating images of cells and ultra structure. Each microscope has different limits of magnification and resolution.


Magnification and resolution


Magnification is the ratio of image size to object size (size of image/size of object). Resolution is the ability to distinguish between two objects that are close together — the ability to provide detail in the image.
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Exam tip


Every biology examination paper includes a calculation. This may be to do with magnification or image size. You need to be able to calculate the magnification, but you also need to be able to manipulate the formulae.
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Revision activity


Make up an acronym to help you remember the magnification formula.
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Four types of microscope are commonly used, as shown in Table 2.1. Their advantages and disadvantages are given in Table 2.2.
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Now test yourself





1  Using the formula [image: ] rearrange the letters to give the formulae for I and for A.





Answer on p. 222
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Now test yourself





2  Explain why a light microscope will not usually magnify images to greater than 1500×.



3  How can you tell the difference between an image created by a scanning electron microscope and one created by a transmission electron microscope?



4  Explain the relationship between millimetres (mm), micrometers (µm) and nanometers (nm).





Answer on p. 222
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Table 2.2 Advantages and disadvantages of different microscopes






	Type of microscope

	Advantages

	Disadvantages






	Light

	Cheap and easy to use

Allows us to see living things



	The resolution is limited






	Scanning electron and transmission electron

	The resolution is better than a light microscope, which means it is worth magnifying the image more as the image will show more detail

Scanning electron microscopes also:





•  give 3D images with depth of field



•  are good for viewing surfaces







	Electron microscopes are large and very expensive

They require trained operatives


The sample must be dried out and is therefore dead. This may affect the shape of the features seen (called an artefact)


The image is in black and white, but colours may be added later by computer graphics. These are called false colour electron micrographs









	Laser scanning confocal

	Can also see living things and have the advantage that they can focus at a specific depth so the image is not confused by other components that are not in focus

	Relies on a computer to piece together all the information from the dots of light created by the lasers. This means that the image is an interpretation rather than a real-life image







Staining


Most cell components are colourless and hard to see. Staining is the application of coloured stains to the tissue or cells. Staining:





1  makes objects visible in light microscopes



2  increases contrast so that the object can be seen more clearly



3  is often specific to certain tissues or organelles. For example, acetic orcein stains chromosomes dark red, eosin stains cytoplasm, Sudan red stains lipids, and iodine in potassium iodide solution stains the cellulose in plant cell walls yellow and starch granules blue/black





In an electron microscope, the stains are actually heavy metals or similar atoms that reflect or absorb the electrons.
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Revision activity


Draw a mind map to show the reasons for staining cells and tissues. Include the names of any stains you may have used such as methylene blue and iodine.
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Cells


Cells are the basic unit of living organisms. All eukaryotic cells share a similar basic structure containing membrane-bound organelles. Each organelle, whether membrane-bound or not, has its own function within the cell.


Cell structure under the electron microscope


You should be able to prepare cells and tissues to view under an electron microscope. This involves creating a smear or cutting a very thin section. These cells can then be stained appropriately and covered by a cover slip. Viewing these cells, interpreting what you can see and drawing what you see are important skills, as shown in the examples in Figure 2.1. Remember that details are important.





[image: ]




Cell ultrastructure


The ultrastructure of a cell is the detail you can see using an electron microscope (Table 2.3).
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Now test yourself





5  Explain why organelles such as mitochondria do not always look the same size and shape.





Answer on p. 222
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Revision activity


From memory, make a list of all the membrane-bound organelles and note one function next to each. Make a separate list of the organelles that are not membrane-bound.
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How the organelles work together


The organelles in a cell work together to achieve the overall function of that cell. Many of the organelles are involved in the production and secretion of proteins. The sequence of events always follows the same course:





1  mRNA leaves the nucleus via the nuclear pores.



2  It is used by the ribosomes on the rough endoplasmic reticulum to construct a protein.



3  The protein travels in a vesicle to the Golgi apparatus.



4  The vesicle is moved by the cytoskeleton, possibly using tiny protein motors that ‘walk’ along the microtubules using them as a track.



5  The Golgi apparatus modifies the protein (often adding a carbohydrate group) and repackages it into a vesicle.



6  This vesicle is moved to the cell-surface (plasma) membrane.



7  The vesicle fuses with the membrane to release the protein from the cell.
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Revision activity


Draw a flow diagram of the sequence of events leading to the secretion of a protein.
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Exam tip


Always remember to say that the plasma membrane is involved in secretion and that the vesicle fuses to this membrane.
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Prokaryotic and eukaryotic cells


There are two types of cell: prokaryote (Figure 2.2) and eukaryote (Figure 2.1a). The features of each type are given in Table 2.4.


Table 2.4 Comparing prokaryotic and eukaryotic cells






	Feature

	Prokaryote

	Eukaryote






	Size

	Smaller — typically less than 10 μm long and 1–2 μm wide

	Larger — typically larger than 10 μm in diameter






	Nucleus

	No

	Yes






	Membrane-bound organelles

	No

	Yes






	Ribosomes

	Yes, 18 nm in size

	Yes, 22 nm in size






	Chromosomes

	A single loop of DNA, no histones

	DNA associated with proteins (histones)






	Flagellum

	Some cells have a flagellum. It has a very different structure

	Some cells have a flagellum with 9 + 2 structure of microtubules
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Revision activities





•  Make a list of the organelles found in a plant cell.



•  Make a list of the organelles found in an animal cell.



•  List the features of a bacterial cell that are also seen in plant cells.





[image: ]







[image: ]






[image: ]


Revision activity


Write a list of all the key terms used in this chapter, then add the meaning of each key term.
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Exam practice





1  Which row in the following table correctly identifies the sequence of cell components used during the secretion of a protein?


[1]
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2  Which row in the following table correctly describes the components found in prokaryotic and eukaryotic cells?


[1]









	Row

	Prokaryotic cells

	Eukaryotic cells






	A

	Mitochondria, chloroplasts, ribosomes

	Mitochondria, chloroplasts, ribosomes






	B

	Ribosomes, plasmids, flagellum

	Nucleus, ribosomes, mitochondria






	C

	Mitochondria, chloroplasts, ribosomes

	Nucleus, ribosomes, mitochondria






	D

	Nucleus, plasmids, ribosomes

	Flagellum, chloroplasts, nucleus










3  The following statements are about the organelles in cells.







    A Mitochondria are where respiration occurs.



    B Chloroplasts contain chlorophyll.



    C Cilia are found only in the airways.



    D The cytoskeleton helps cells to change shape.



    E Ribosomes are larger than mitochondria.








    Which of the following options identifies the correct statements?


[1]







    (a) All five statements are correct.


    (b) Only statements A, B and C are correct.


    (c) Only statements A, B and D are correct.


    (d) All five statements are incorrect.








4  Complete the following paragraph.


[5]







    The four main types of microscope are …………………………, scanning electron, transmission electron and laser scanning confocal. The advantage of an electron microscope is that it has much greater ………………………… than other types of microscope. This allows the user to see far more detail. A transmission electron microscope is used to see the detail of ………………………… whereas a scanning electron microscope gives detail of the cell ………………………… and a three-dimensional image. The advantage of a laser scanning confocal microscope is that it can produce images at a specific ………………………… within the tissue or cell.








5  A student prepared a slide of onion epidermis using the stain methylene blue.







    (a) Explain the advantages of staining a tissue such as onion epidermis.


[2]


    (b) The student drew one cell. Calculate the magnification of the image.


[2]
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    (c) What feature shown in the student’s diagram indicates that the cell is eukaryotic?


[1]








6  (a) Complete the following table to show organelles and their functions.


[4]









	Organelle

	Function






	Mitochondrion

	 






	Chloroplast

	 






	 

	Modify proteins






	 

	Manufacture proteins









    (b) What is the role of the nuclear pores?


[2]


    (c) Describe how the structure of a mitochondrion is adapted to its function.


[2]


    (d) Suggest why lytic enzymes are held inside lysosomes.


[2]


    (e) Describe the roles of the cytoskeleton.


[5]





Answers and quick quiz 2 online


[image: ]







[image: ]


Summary


By the end of this chapter you should be able to:





•  Know the differences between light microscopes, electron microscopes and laser scanning confocal microscopes and describe the advantages and disadvantages of each.



•  Appreciate the difference between resolution and magnification.



•  Be able to calculate magnifications or true sizes given sufficient information.



•  Understand that staining increases contrast and makes parts of the specimen stand out so that they can be seen more clearly.



•  Differential staining allows different molecules, organelles or tissues to be stained different colours.



•  Be able to recognise each type of organelle from a photomicrograph and from a drawing.



•  Know what function each type of organelle has in the cell.



•  Remember that most organelles consist of membranes and that the nucleus, the mitochondria and the chloroplasts have two membranes.



•  Understand that membranes inside cells are distinct from the plasma (cell-surface) membrane that surrounds the cytoplasm.



•  Be able to describe the sequence of events leading to the secretion of a protein from the cell.



•  Know the differences between prokaryotic and eukaryotic cells.
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3 Biological molecules



Water


Hydrogen bonds


Water is a simple molecule that can form hydrogen bonds between its molecules. This gives water some very important properties.


Hydrogen bonds are weak forces of attraction. They can form between molecules or between parts of a larger molecule. In water there is attraction between the oxygen of one molecule and the hydrogen of another molecule.


This attraction occurs because each water molecule is polar, which means there is an uneven distribution of charge. Oxygen atoms attract electrons more strongly than hydrogen atoms. Therefore, the electrons in a water molecule are pulled towards the oxygen atom, which gives the oxygen end of the molecule a more negative charge. This is shown as delta negative (δ–). The hydrogen end of the molecule is left with a delta positive (δ+) charge. It is these opposite delta charges that attract the water molecules together, producing hydrogen bonds (Figure 3.1).
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Hydrogen bonds and the properties of water


Hydrogen bonds cause cohesion. Between 0°C and 100°C, they hold water molecules together loosely — they are held together, but they can move past one another and the water remains a liquid. In order to evaporate, the hydrogen bonds must be broken, allowing the molecules to separate and form a gas (water vapour). This takes a lot of energy, so water remains a liquid up to 100°C.
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Exam tip


In any response, ensure you use the hydrogen bonds between the molecules of water to explain its properties.
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At lower temperatures the molecules have less kinetic (movement) energy and move about less. With less movement, more hydrogen bonds can form and at 0°C enough hydrogen bonds have formed to hold the water molecules in a stationary position, forming ice. The water molecules are now held in a rigid lattice, which holds the molecules further apart. Therefore, ice floats as it is less dense than water.
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Typical mistake


Many candidates fail to make the link between the action of the hydrogen bonds and the properties of water.


[image: ]





Water properties and living things


The following properties of water are important for the survival of many living things:





•  Thermal stability — water has a high specific heat capacity, which means that a lot of energy is needed to warm it up. Therefore, a body of water maintains a fairly constant temperature, which is essential for life to survive.



•  Freezing — ice is less dense than water so it floats, which insulates the water and prevents it freezing completely. Living things can survive below the ice.



•  Evaporation — a lot of energy is needed to cause evaporation, which is used to cool the surface of living things. This energy is known as latent heat. Water has a high specific latent heat capacity.



•  At most temperatures water is a liquid — it can flow and transport materials in living things.



•  Cohesion — the attraction of water molecules produces surface tension, which creates a habitat on the surface. It also enables continuous columns of water to be pulled up the xylem.



•  Solvent — as the molecules are polar, water can dissolve a wide range of substances.



•  As a reactant — water molecules are used in a wide range of reactions such as hydrolysis and photosynthesis.



•  Incompressibility — water cannot be compressed into a smaller volume. This means it can be pressurised and pumped in transport systems or used for support in hydrostatic skeletons.
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Typical mistake


Many candidates fail to indicate how the properties of water are important to the survival of living things.
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Revision activity


Draw a mind map with water in the centre to show how its properties are essential for living things.
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Now test yourself





1  Explain what is meant by a δ+ charge and how it is created.








2  (a) Explain the difference between specific heat capacity and latent heat capacity.


    (b) What role does each play in the survival of living things?





Answer on p. 222
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Monomers and polymers


The concept of monomers and polymers


Many molecules are polymers. These are long chains that comprise a number of similar smaller molecules known as monomers. There are three biologically important groups of polymers found in living organisms: nucleic acids, polysaccharides and proteins.


In nucleic acids, the monomers are nucleotides. They are made up of a:





1  five-carbon or pentose sugar. This is either ribose (in the case of RNA) or deoxyribose (in DNA)



2  phosphate group



3  nucleotide base. There are five different bases. These are adenine, cytosine, guanine, thymine and uracil, which are usually abbreviated to A, C, G, T and U. The nucleotides that make up DNA contain one of the bases adenine, cytosine, guanine or thymine. In RNA, the thymine is replaced by uracil





Complex carbohydrates such as starch and cellulose are polysaccharides — a group of polymers made up of monosaccharides.


In proteins, the monomers are amino acids. There are 20 different amino acids used to build proteins. The different sequences that these amino acids can be used in provide huge diversity in protein structure.


Condensation and hydrolysis


The monomers in both complex carbohydrates and proteins are joined by covalent bonds created by a condensation reaction (Figure 3.2). This is a reaction that releases a water molecule. The bond can be broken again by adding a water molecule. This is called hydrolysis.
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The chemical elements that make up biological molecules


Carbohydrates


Carbohydrates consist of carbon, oxygen and hydrogen. The general formula for a carbohydrate is (CH2O)x. Carbohydrates can be divided into three main groups: monosaccharides, disaccharides and polysaccharides.


Monosaccharides


These are the single sugar units that are used as monomers to build other carbohydrates. They are soluble and sweet reducing sugars.


Pentose sugars


Pentose monosaccharides contain five carbons, e.g. ribose and deoxyribose (Figure 3.3).
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Hexose sugars


Hexose monosaccharides contain six carbons, e.g. glucose. There are two forms of glucose: alpha (α) glucose and beta (β) glucose. The structures of α-glucose and β-glucose are shown in Figure 3.4.
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The difference between α-glucose and β-glucose is simply the position of the –H and –OH groups on the first carbon atom. This difference is not great, but it has a large effect on the way they bond together and the polysaccharides produced.



Disaccharides



Disaccharides are two monosaccharides bonded together. They are bonded by a covalent bond called a glycosidic bond. Disaccharides are soluble and sweet. Most are reducing sugars, but sucrose is not a reducing sugar.


Forming disaccharides


Disaccharides are formed by a condensation reaction between two monosaccharides. The most common bond is between the carbon 1 of one monosaccharide and the carbon 4 of another. This forms a 1,4 glycosidic bond and releases water.


Glucose and fructose combine to form sucrose, whereas glucose and glucose combine to form maltose (Figure 3.5), and glucose and galactose combine to form lactose. Disaccharides can be converted back to monosccharides by hydrolysis.
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Polysaccharides


Polysaccharides are large insoluble molecules. Starch is actually a combination of two molecules, amylose and amylopectin.
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Exam tip


Complex carbohydrates are not that complex — they are simply long chains of one or two subunits. Each chain is called a polymer.
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Amylose


Amylose consists of a long unbranched chain of α-glucose subunits. The subunits are joined by 1,4 glycosidic bonds. The chain of subunits coils up. The hydroxyl group on carbon 2 of each subunit is hidden inside the coil. This makes the molecule less soluble.


Amylose is used for the storage of glucose subunits and energy in plant cells. The molecule is compact — it takes little space in the cell. It is insoluble, which means the molecules do not affect the water potential of the cells.


Glucose subunits can be removed easily from each end of the molecule. They can be used as building blocks to build other substances or as a substrate in respiration to release stored energy.
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Exam tip


You need to know about amylose and amylopectin, but you should be able to apply that knowledge to other complex carbohydrates.
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Amylopectin and glycogen


Amylopectin and glycogen are similar to amylose in that they are both long chains of α-glucose subunits bonded by 1,4 glycosidic bonds (Figure 3.6). Some of the glucose subunits also have 1,6 glycosidic bonds as well as the 1,4 glycosidic bonds. This means that the molecule is branched.


Amylopectin occurs in plants and has few branches. Glycogen is used for storage of glucose subunits and energy in animal cells. Glycogen has more 1,6 glycosidic bonds, making it more branched. This means that the molecule has many ends from which glucose can be released quickly. It has the same advantages as amylose: it is insoluble and compact.
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Now test yourself





3  List the reasons why amylose is a good storage product.





Answer on p. 222
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Cellulose


Cellulose consists of a long unbranched chain of β-glucose subunits. The subunits are joined by a 1,4 glycosidic bond. The chain of β-glucose subunits form a straight chain (Figure 3.7).
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Typical mistake


Many candidates are mistaken in thinking that cellulose is a protein, not a carbohydrate.
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The hydroxyl groups on carbon 2 of each subunit are exposed, allowing hydrogen bonds to form between adjacent cellulose molecules. Some 60–70 molecules bind together to form a cellulose microfibril and many microfibrils join together to form macrofibrils.


Cellulose is strong and completely insoluble. It is used in plant cell walls and provides enough strength to support the whole plant.
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Exam tip


The structure of complex carbohydrates lends itself to a question in which the examiner asks you to relate the structure of the molecule to the function of that molecule. This is perhaps most easily done as a table.
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Now test yourself





4  Explain why cellulose is insoluble.





Answer on p. 222
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Revision activity


Draw a table to compare the structures and properties of amylose, glycogen and cellulose.
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Lipids


Lipids are not polymers like proteins and complex carbohydrates. They are a large group of compounds that includes triglycerides, phospholipids and steroids. Lipids are insoluble in water.


Triglycerides


A triglyceride is a macromolecule containing one glycerol molecule and three fatty acid chains (Figure 3.8). The fatty acids are attached to the glycerol by a condensation reaction. The bonds are called ester bonds and they can be broken by hydrolysis.





[image: ]




Triglyceride molecules are rich in energy and used to store excess energy. When required, the molecules can be broken down in aerobic respiration to release this energy. Water is also released, which can be useful for animals that live in dry environments — hence camels store fat in their humps. The stores can be held under the skin and around major organs. It has the benefit of protecting the major organs from physical shock.


Triglycerides are also good insulators and are used to insulate animals that live in cold environments such as polar bears and aquatic mammals such as whales. They also provide buoyancy for these mammals.


Saturated and unsaturated fatty acids


Fatty acids are long chains of carbon atoms with hydrogen atoms bonded to them. If each carbon has two hydrogen atoms attached, there are no double or triple bonds in the fatty acid. This is called a saturated fatty acid. Saturated fatty acids are found in animal fats. They have a higher melting point and are more solid at room temperature, like butter.


If there are fewer hydrogen atoms, there will be double or even triple bonds between adjacent carbon atoms. This is called an unsaturated fatty acid. Unsaturated fatty acids are found in plant fats and oils. They have lower melting points and are more likely to be liquid at room temperature, like spreads and vegetable oil.
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Now test yourself
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